Abstract: Creating transmural ablation scars in a reliable way is a key issue in improvement of therapeutical procedures for cardiac arrhythmias. About one third of the patients has to undergo several procedures till arrhythmic episodes are successfully treated. Morphological features of intracardiac electrograms might contribute to evaluate scar transmurality during the ablation procedure. We analyzed intracardiac signals before, during and after pointwise ablation in patients with atrial flutter. Unipolar electrograms of the distal electrode showed a relative decrease in amplitude of the second extremum of up to 99 % with a mean of 84±20.6 % after the endpoint of ablation.
Introduction
Curing cardiac arrhythmias by catheter ablation of myocardial tissue is a frequently used and reliable method. However, about 30 % of the patients have to be treated more than once [1] , as created scar tissue partially regains its physiological conductivity during the healing process. Holes in ablation scars occur due to healing of the scar borderzone and small undamaged areas within the scar area. These are frequently seen if scars are not completely transmural. Tissue impedance across the scar as well as signal changes have been investigated aiming at a robust criterion to predict transmurality of radio frequency (RF) ablation scars during procedures. Otomo et. al have found relevant electrogram parameters from intracardiac electrograms (IEGM) recorded in pig atria before and after ablation [2] . Up to date clinical recording systems allow for a recording of IEGM during the ablation process. In this work unipolar and bipolar electrograms have been recorded during clinical ablation procedures. Signal morphology was studied during ablation in order to gain a better knowledge of morphological changes in human remodeled atria.
Methods
Aquisition of clinical signals: In two patients who underwent a routine RF-ablation procedure IEGMs were measured using a four electrode 7F ablation catheter (Blazer, Boston Scientific, USA). Bipolar and unipolar EGM were annotated during the procedure and afterwards one minute segments were exported from the clinical recording system ( LabSystem PRO EP, Bard, USA). In our case the WilsonCentral-Terminal lead (WCT) was used as a reference for unipolar EGM. For bipolar EGM the distal electrode signal was subtracted from the corresponding proximal one. Recordings were taken before, during and after point to point RF-ablation for different catheter orientations. Atria were paced from the coronary sinus catheter (CS 7-8) with a cycle length of 600 ms. For each location up to three ablation sequences of 20 s were applied. Intermitted ablation was chosen to receive stable recordings for different stages of scar creation. Signals were filtered with a clinical standard setting using a bandpass between 30-250 Hz. inactive segments using an adaptive thresholding based on the non-linear energy operator (see figure 1 ) [3] . Extraction of representative templates: For the two distal leads (MAP 1 and 2) of the ablation catheter unipolar and bipolar EGM were studied. Representative templates were created in a stepwise approach. First activations were extracted, denoted by the active segments in the pacing electrode signals. From the activation point the corresponding active segment for the bipolar (MAP 1/2) EGM was marked. Also the unipolar electrograms for both electrodes were extracted by cutting out segments of a length of 125 ms around the activation time of the bipolar signal. For further alignment segments were correlated with an adaptive reference signal, which was initialized by the median of all active segments and stepwise corrected with the mean of all aligned segments. Changes over time were investigated plitude for the second extremum occurred during ablation (Figure 2) . Polarity of the extrema depends on the catheter orientation relative to the propagation direction. Taking a closer look at the parallel example signal, also a change in amplitude can be seen (Figure 3) . Although, the morphologic pattern changes while ablating. In order to explain Unipolar electrograms: Unipolar distal EGM showed similar changes for all catheter orientations, because the distal electrode directly contacts the tissue for all cases. Proximal EGM are strongly changing with orientation, which also influences bipolar EGM morphology. Table 1 displayes amplitude changes in unipolar distal EGM for the first two local extrema occurring over time (polarities are dependent of catheter orientation). Amplitude changes for the second extremum reach up to 99 %, which results in a complete absence of the positive deflection. Five of the seven cases showed a drop greater than 93 %. Bibliography
